Abstract

Level of absolute expenditures on R&D,  Percentage share of national industry in expenditures on the country's R&D activity,  Level of gross national expenditures on R&D to the gross national product, i.e. GERD/GDP,  Share of innovative enterprises amongst all the enterprises in the country, called the industry innovativeness index,  Share of expenditures on innovative activity in sold production, index called innovativeness intensity,  Level of gross national product per capita,  Level of research-development apparatus wear.
In Polish economy growth tendencies concerning absolute amount of expenditures on R&D in world prices are observed. GERD expenditures with reference to GDP were at the same level during three succeeding years __________ Readers with comments or questions are encouraged to contact the authors via email. 1 Defined as GERD/GDP index [8, pp. 42] .
O 1996-1998 and amounted to 0.72%. On the other hand, in 1999 the discussed index increased by 4.1% and amounted to 0.75%. However, it was still 3-4 times lower than in countries such as USA and Japan. For comparison: on average this index in 1997 in OECD countries, member of which is Poland, amounted to 2.21%, whereas in EU member countries 1.82% [5] , [9] .
GERD index covers all expenditures in a particular year on R&D on the territory of a given country independently of the origin of resources, i.e. together with means obtained from abroad (export of R&D). However, it does not cover resources spent on R&D executed abroad (import of R&D). In internal expenditures on R&D current and investment expenditures are taken into account, but fixed assets amortisation is not taken into account to ensure comparativeness of data from different countries. Addition of amortisation costs would cause double calculation of the same sums. Moreover, real sums of amortisation allowances are useless in international comparisons because of different tax regulations [5] . Table 1 presents selected indexes of innovative potential of Polish economy. Source: [1] , [2] , [7] and own calculations [9] , [10] Expenditure on R&D in industry in 1999 made 33.9% of expenditures on R&D in Poland (own resources of industry made 66.4%). Index of industry share in these expenditures was in 1999 considerably lower than the level of this index in highly developed countries, e.g.
USA
67.4%, Japan 58.1%, Great Britain 64.2% [6] .
According to world trends, the share of industry in added value in highly developed countries decreases. Services are dominant, even in ca. 60 %. To cope with the economy's competitiveness and innovativeness industry must continuously improve products, technology and manufacturing technology. It causes a need to spend enormous means on R&D by industry. It is necessary to keep a position in world economy, what is expressed by a share in export.
The level of expenditure on R&D per capita, according to PPP, in Poland (60.9 USD) significantly strays from the level in developed countries (e.g. in USA in 1997 the index was at the level 794.4 USD, in Germany -510.6 USD). For comparison in the Central European countries this level in 1997 was also higher and amounted to: in the Czech Republic 154.9 USD and in Hungary 72 USD [8] . According to authors estimated calculations the level of expenditure on R&D per capita, according to PPP, in Ukraine in 1997 was 25.6 USD [11] .
Efficiency of research-development and innovative activity conditioning the increase in enterprise competitiveness significantly depends on the development strategy. R&D intensity (the level of expenditures, access to and supply with external financial sources, number of persons employed in research activity, level of their knowledge, creativity, mobility) significantly influences the level of innovativeness. In the beginning period of Polish economy transformation, when the most important goal for the majority of enterprises was to "survive", first made decisions concerned closing down extended structures of R&D departments. Enterprises competing for ready market did not care of co-operation in the area of protection of the research-development potential. Resignation from R&D activity in enterprises was limited by high costs of this sphere. However, it appears from the Main Statistical Office data that enterprises which managed to maintain own research-development base are characterised by high innovativeness (Table 2 and 3). [8] , [10] In the W sector, comprising 10 sections of manufacturing activity -the main carriers of technological progress, over 50% of enterprises introduced innovations, i.e. by ca. 20% more than on average in manufacturing activity [2] , [10] . Sections of the W sector spent 52.7% of expenditure on innovations (on the basis of [10] ). Three manufacturing sections of the W sector were characterised by the highest share in expenditure on innovations (Table  3. ). [10] Innovativeness of Polish industrial enterprises is to a significant extent determined by the level of expenditure on R&D in relation to the sold production value. In last years Polish industry on average spent ca. 0.6 % (in 1999 0.8 %) of the sold production value on R&D, i.e. such value as on average was spent by low-tech industries in OECD countries, whereas incomparably less than high-tech industries (Fig. 1) . Favourable tendencies of systematic increase in a share of foreign investments, mainly in labour consuming branches take place in Poland, what influences achievement of relative predominance in export to well developed countries (this predominance first of all results from labour costs lower than in these countries). Moreover, some symptoms of changing the foreign investment structure have occurred. They consist in shifting capital from labour consuming sectors towards branches with a higher level of technological advancement [2] . A relatively high share of foreign investments in technologically advanced sectors can positively influence the industry structure in the future, tendency to undertake innovative activities and change of the export structure. These factors should favour the increase in Polish industry competitiveness and intensification of the increase in Poland's share in the international labour division. The share of Poland in world export shown growing tendencies: in 1992 amounted to 0.42%, whereas in 1999 to 0.5% (1998 0.6%). The ratio of export to gross national product was also improved -from 25.4% in 1995 to 26.1% in 1999 [8] , [9] .
Technological development has a character imparting dynamism to economy. It forms changes in technology and social consciousness. So far it has been generally thought that economic development first of all takes place thanks to the most important section of economy, namely industry. Inside industry mainly industries with advanced technology are a factor fostering structural changes. However, positive changes in economy require also favourable salary, price and cultural relations in the whole society. For example, opening of the so-called price scissors in agriculture causes enlargement of deficit in industrial branches manufacturing production means for agriculture.
Technology applied in the society increases the level of its knowledge. Systematic growth in the knowledge level and development of science are complementary to one another and technological progress represents the material side of knowledge transfer to practice. Technological progress determines the production growth and working capacity as well as extorts changes in organisation of work. The latest trends [6] state that the manufacturing process organisation is responsible for at least 30% of savings in costs.
Motives to innovativeness growth
Motives of enterprises to implement innovations are important in assessment of their innovativeness. It turns out that for enterprises which introduced innovations the most important objective of innovative activity was to increase or keep the share in market (80%) and improvement of goods quality (75%), and to a smaller extent replacement of withdrawing goods (26%) [14] .
The price of the product, to a big extent depending on the production costs, is also a very important factor of competitiveness. 66% of enterprises stated the decrease in the production costs as a significant motive of their innovative activity. For big enterprises this factor was at the level of 86%. 72% of big, 62% middle and 50% small enterprises expected the decrease in production costs after having introduced innovations.
Motives of innovative activity are formed under the influence of the character and kind of activity run by firms. In manufacturing activity the main motive power of innovativenes was increasing or maintaining the share in market (83%) and improvement of products quality (78%), as well as looking for new markets (68%) [14] .
Currently, information systems, which constitute a very important element of the modern industry surrounding, are thought to play a vital role in the process of production development.
80% of enterprises, which introduced innovations, declared that internal sources, i.e. own R&D facilities, selling and marketing were their main sources of information. 60% of them obtained information from outside, mainly market-commercial information (suppliers of materials and equipment, clients, competitors, consulting firms). Moreover, 53% of enterprises, which introduced innovations used generally accessible information about innovations (patent information, conferences, meetings, professional magazines, fairs and exhibitions) [14, p. 15] . In all the groups of enterprises own sources of information were used to the highest extent, whereas it was in the best manner done by big enterprises employing over 2000 persons. They also to the biggest extent use information from research-development units -33% as well as market-commercial information -71%. Information included in scientific publications or obtained as a result of co-operation of scientific workers with industrial staff usually generate very efficient solutions [2] , [15] . It turns out from studies carried out by the Main Statistical Office in 1999 that use of own information about innovations is closely connected with having own research-development back-up facilities. It appears that own R&D activity is the most often run by big enterprises, mainly from the public sector -65.3% of inquired enterprises and 51.6% of the private sector enterprises. Financial possibilities are decisive for this. The biggest number of enterprises running R&D activity was dealing with manufacture of oil and its derivatives products -64.3% and production of chemicals and chemical products 55.2% [14] .
Unfortunately, few SMEs run R&D activity and few small firms had formal agreements with institutions from the scientific and research-development sphere. Their loose relationships with this sphere do not presage well of SME possibilities to create and implement innovations and require effective system solutions [13] .
Directions of Polish economy innovativeness
The most important indications of innovativeness and modernisation of Polish economy (including industry) are [1] :

The increase in the share of advanced technology products in value of sold production of industrial goods from 7.8% in 1992 to 11.1% in 1999 [7] , [10] ,  The increase in export of "high-tech" products from 3.4% in 1993 to 4.8% in 1998 [8] , 
The increase in the share of machinery and transport means in export from 19.1% in 1992 to 30.2% in 1999 [9] , [10] ,  Favourable changes in the economy's energy consumption as a result of introducing market economy in the energetic sector,  Decrease of energy consuming and arduous for the environment manufacturing companies.
The level of investments in Poland, expressed by the ratio of gross expenditures on fixed assets to gross national product was similar to the one achieved by developed countries. Although the level of these expenditures per capita significantly differs from the value achieved by countries with high level of development, one may note a huge progress achieved in this field in Poland if we compare the level of the expenditures per capita in 1990 (324.9 USD) with the level in 1998 (2050 USD according to PPP). Data for Poland in comparison with data for developed countries are presented in Table 4 . 
Example of method of artificial neural networks applying for prediction of the innovation intensity index
Apart from indexes of economy and industry innovativeness obtained ex post forecasting trends and carrying out effective strategic activities on this basis seem to be very important. Modern heuristic methods (expert methods, artificial neural networks, evolutionary algorithms) enable very effective forecasting activities even in the case of incomplete statistical data [3] , [13] .
The method of artificial neural networks was used for preparing forecasts of innovativeness of industry, manufacturing activity and W sector activity with the use of e.g. the innovation intensity index (Table 5) . Source: own calculations [2] , [8] , [10] Fig . 2 presents the scheme of the developed neural model of the innovation intensity index in industry. The value of the index for the succeeding period is calculated on the basis of the index value from four previous periods.
Fig. 2. Scheme of the model of innovation intensity index
The neural model for the presented case is built of three layers: entrance, hidden and exit layers. Software Statistical Neural Networks was used to build this model. The next step of developing the model comprised the process of determining thresholds of neuron connections -teaching network. In the teaching process data from the period of 1989 -1997 were used. Fig. 3 presents a window of software environment containing information about the agreed parameters of teaching a selected algorithm network (back propagation). As a result of the teaching process thresholds were determined. Fig. 4 shows window presenting values of thresholds of neuron connections in the hidden and exit layers. lack of external capital support for enterprises and lack of cheap credits, low level of expenditures on R&D, lack of inclination to invest in production of "high-tech" goods.  Favourable trends in innovativeness of Polish economy including industry let us hope to gradually level the difference to countries with the highest potential of innovativeness. In Poland a big technical and human potential exist for creation and development of "high-tech" industries. However, there are plenty of limitations of quick development of these activities, among others the most important capital limitation. What concerns this aspect it is difficult to forecast big changes against overproduction in highly developed countries, among others in EU. Thus, there is a need to constantly build own innovative potential on the basis of the development of science and education system, build technical and social infrastructure as well as develop a system of investment stimuli and decrease taxation rates.  In enterprises it is also necessary to gain social acceptance thanks to training employees, because the level of expenditures on training and improving employees qualifications is one of restraints of still low level of innovativeness in Poland. 
In Poland at present the computer and Internet networks are dynamically developed, what results in improving qualifications in the continuous education system. The present world trend consisting in creation of economy basing on knowledge in a form of using advanced technologies requires continuous improvement of staff qualifications.

In activities aimed at the increase in competitiveness of Polish economy and in exchange and transfer of technological thought it is necessary to use the best organisational forms as well as create favourable conditions for development of own original forms of knowledge transformation (e.g. technology transfer centres) connected in system supporting innovativeness, mainly in the SME sector.  Modern information heuristic methods, among others the applied method of artificial neural networks for forecasting indexes of industry innovativeness show significant possibilities of identification of trends occurring in economy and on this basis carrying out effective strategic activities intensifying market competitiveness of Polish products.
